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Introduction 

The award aims to determine the relationship between anti-inflammatory IL-10 and mammary 
gland development. To achieve the goal, we proposed to compare mammary glands from 
wildtype and IL-10 knockout female mice at different stages of development: d 21, 55, 80 and 
150 of age and 2 days after giving birth. 
  
Body 

There are two major tasks: first, to breed and raise wildtype and IL-10 knockout female mice by 
mating IL-10 heterozygous female with IL-10 heterozygous male; second, to develop essential 
techniques for mammary gland analysis so that we can compare mammary glands at the age of 
interest. 
 
Task 1: animal breeding. University at Buffalo lab animal specific pathogen-free facility (where 
the experimental mice are housed) was going through major renovation in the summer/fall of 
2006, and then major reorganization of animal care in Feb-May of 2007. Since then, we have 
mated IL10+/- male with IL10+/- females to generate 144 experimental female mice with +/+ or 
-/- genotype (72 each) from 80 litters. In order to ensure that the comparisons were made 
between mice at the same stage in the estrus cycle, postmortem vagina smear was performed on 
day 55, 80 and 150 mice. 
 
Task 2: mammary gland comparison. We first established the techniques that are needed for 
mammary gland harvesting and processing in our lab including whole mount preparation and the 
preparation of paraffin sections of mammary glands. We then developed computer software 
(ImageJ)-based methods to objectively performing quantitative characterization of the whole 
mount samples and paraffin sections (see below for details).  
 
After excising and processing the 4th pair of mammary glands at 5 critical stages of mammary 
gland development, day 21, 55, 80 and 150 and 2 days after the delivery, we converted the 
images to digital files by using a high-resolution scanner (for whole mount slide) and a high-
resolution digital camera attached to a microscope (for paraffin sections). Representative images 
of whole mount slides and hematoxylin/eosin-stained paraffin sections of each stage are included 
in the appendices (pp. 3-6). For the analysis of the mammary gland whole mount, we focused on 
the area from lymph node to the outer edge of the gland counting the number of peripheral 
terminal end buds and the number of peripheral side branches. The distance between nipple and 
the lymph node, the size of lymph node and the total ductal area are also measured using ImageJ. 
For analyzing the hematoxylin/eosin-stained paraffin sections, we used the 6th longitudinal 
section of each gland (4 µm per section from the top of the gland). Eight evenly spaced images 
surrounding the lymph node were captured from each slide. The extent of leukocyte infiltration 
was determined by the mean total nuclei of 8 areas. The size of white adipocytes was determined 
by measuring the adipocyte size of a five-cell cluster in the middle of each of the 8 areas and 
then obtain a mean of the 40 measurements (5x8).  
 
Our initial analysis focused on the mice in estrus and the results are shown the appendices (pp. 3-
6). The data were presented in the Era of Hope 2008 meeting (see appendices pp. 7-8). Although 
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the grant has ended, one graduate student is still performing analysis of the whole mount and 
paraffin section slides. Based on the analyses that have been completed, there were no 
differences between the wildtype (IL10+/+) and IL10-/- mice at up to age day 55. At day 80 and 
150, IL10-/- mice had less terminal end buds suggesting an alteration in mammary gland 
development. In the literature, decreasing IL-10 was linked to breast cancer risk indirectly. Our 
data represent the first direct examination of the relationship between IL-10 and mammary gland 
development.  
 
Key Research Accomplishments 

Using IL10-knockout mice as the model, in our first set of data analysis, we found a link 
between IL-10 and mammary gland development. This was never reported before. Complete data 
analysis will help to determine the extent of the effect and the potential implication in breast 
cancer risk. 
 
Reportable Outcomes 

We presented in the Era of Hope 2008 meeting and plan to submit a manuscript at the 
completion of  the second phase of data analysis.  
An M.S. graduate student with the intended major of Biotechnology, Omkara Lakshmi M 
Veeranki, is currently continuing the data analysis. Although she is not supported by funding for 
the project, part of the project will be her M.S. thesis and she will be well trained for mammary 
gland analysis.  
 

Conclusion 

We have preliminarily identified a role of IL-10 in the mammary gland development using the 
IL10-knockout mouse model. Upon the completion of the data analysis, we intend to submit a 
manuscript and seek more grant support to continue the investigation of the link between IL-10 
and mammanry gland development/mammary cancer risk. 
 
  
References 

None 
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+/+ 

‐/‐ 

Day 21 
Whole mount                                         paraffin sections 

Whole mount analysis Paraffin section analysis 

total  total  lymph node  BAT WAT total  

D21 N body weight TEB ductal side branch area area size  nuclei 

(g) (mm2) (mm2) (µm2) (per image) 

+/+ 8 8.5±2.2 27±13 5.6±3.5 1.83±0.29 37±11 1418±273 182±34 

-/- 7 10.2±1.1 25±9 4.1±1.9 1.95±0.45 44±9 1389±291 183±32 
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+/+ 

‐/‐ 

Day 55 
Whole mount                                         paraffin sections 

Whole mount analysis Paraffin section analysis 

periphe
ral 

periphe
ral total  lymph node  nipple to node WAT total  

D55 N body wt branch TEB TEB/branch ductal area TEB/ductal area area distance size  nuclei 

(g) (%) (mm2) (mm2) (mm) (µm2) (per image) 

+/+ 7 20.5±1.5 148±76 118±80 76±12 112±18 1.06±0.74 3.27±0.62 6.89±2.33 1662±541 164±67 

-/- 4 20.8±1.5 152±34 124±30 82±7 84±21 1.53±0.41 2.49±0.46 6.05±0.87 1347±272 152±23 
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+/+ 

‐/‐ 

Day 80 
Whole mount                                         paraffin sections 

Whole mount analysis Paraffin section analysis 

peripheral peripheral total  lymph node  nipple to node WAT total  

D80 N body wt branch TEB TEB/branch ductal area TEB/ductal area area distance size  nuclei 

(g) (%) (mm2) (mm2) (mm) (µm2) (per image) 

+/+ 4 21.4±1.6 159±76 123±82 73±17 160±76 1.40±0.84 2.43±0.60 9.37±4.68 1562±368 119±29 

-/- 4 21.0±2.4 113±39 70±47 58±18 113±39 0.64±0.27 3.44±0.41 4.59±0.54 1690±398 133±39 
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+/+ 

‐/‐ 

Day 150 
Whole mount                                         paraffin sections 

Whole mount analysis Paraffin section analysis 

peripheral peripheral total  lymph node  WAT total  

D150 N body wt branch TEB TEB/branch ductal area TEB/ductal area area size  nuclei 

(g) (%) (mm2) (mm2) (µm2) (per image) 

+/+ 4 25.5±4.7 104±32 55±21 52±6 120±54 0.57±0.31 2.38±0.36 1809±989 152±54 

-/- 4 26.6±3.6 72±9 39±6 54±3 139±33 0.30±0.10 2.84±0.41 2779±1122 90±51 
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